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OPTICAL INTEGRATED UNIT AND 
OPTICAL PICKUP DEVICE INCLUDING 

SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from International Appli 
cation No. PCT/JP2005/011134 ?led Jun. 17, 2005, Which in 
turn claims priority from Japanese Application 2004-245925 
?led Aug. 25, 2004, the teaching of both being incorporated 
herein by reference. 

1. Technical Field 
The present invention relates to an optical integrated unit 

and an optical pickup device including the optical integrated 
unit. More speci?cally, the present invention relates to (i) an 
optical integrated unit for realiZing doWnsiZing of an optical 
pickup used to record information onto an optical recording 
medium such as an optical disk or to reproduce (play back) 
information from an optical recording medium, and (ii) an 
optical pickup device including the optical integrated unit. 

2. Background Art 
Strongly demanded in recent years are (i) higher density 

and larger information recording volume in an optical infor 
mation recording medium such as an optical disk for the sake 
of recording high quality moving images, and (ii) doWnsiZing 
and Weight saving of an optical pickup device for the sake of 
using such an optical disk for a mobile purpose. 
As accompanied With such demands for doWnsiZing and 

Weight saving, various integrated pickups are proposed. For 
example, Patent citation 1 (Japanese Unexamined Patent 
Publication Tokukai 2001 -273666 (published on Oct. 5, 
2001) proposes (i) an optical integrated unit including a holo 
gram element and a beam splitter, and (ii) an optical pickup 
device including the optical integrated unit. The folloWing 
explains principles of the optical integrated unit and the opti 
cal pickup device, With reference to FIG. 13 through FIG. 15. 

FIG. 13 is a diagram illustrating a structure of the optical 
pickup device. The optical integrated unit 101 has a light 
source for emitting outgoing light. The outgoing light is 
caused to be parallel light by a collimator lens 102. Then, the 
parallel light passes through an objective lens, With the result 
that the light is collected on an optical disk 104. The light is 
re?ected by the optical disk 104 to be returning light, and the 
returning light passes through the objective lens 103 and the 
collimator lens 102. Then, the returning light is collected on 
a light receiving element provided in the optical integrated 
unit 101. The optical disk 104 is made up of a substrate 10411, 
a cover layer 1041) through Which light beams pass, and a 
recording layer 1040 for use in information recording/repro 
ducing. 

FIG. 14 is a diagram illustrating a detailed structure of the 
optical integrated unit 101. The outgoing light 120 (optical 
axis center 122) emitted from the semiconductor laser (light 
source) 105 is divided by a three-beam diffraction grating 106 
into a main beam (O-order diffraction light beam) and tWo 
sub beams (11“ diffraction light beams). The beams pass 
through a polariZed light beam splitter (PBS) surface 10711 of 
a complex prism 107, pass through a 1A Wavelength plate 108, 
and goes to the collimator lens 102. For simplicity, the sub 
beams (11“ order diffraction light beams) are not illustrated 
in FIG. 14. 

In the meanWhile, the returning light 121 passes through 
the 1/4 Wavelength plate 108, and is re?ected by the PBS 
surface 107a and a re?ecting mirror surface 107!) of the 
complex prism 107, With the result that the re?ected light 
enters a hologram element 109. The returning light 121 thus 
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2 
having entered the hologram element 109 is diffracted and 
divided into +1“ order diffraction light beams (optical axis 
center 125a) and —1S’ diffraction light beams (optical axis 
center 1251)), and then enters the light receiving element 101. 
For simplicity, With regard to the returning light 121, FIG. 14 
merely illustrates light beams respectively corresponding to 
the optical axis centers. 

Here, the outgoing light emitted from the semiconductor 
laser 105 is light (P polariZed light) linearly polariZed in the x 
axis direction. The outgoing light beams having passed 
through the PBS surface 10711 are caused to be circularly 
polariZed by the 1A Wavelength plate 108, and enter the optical 
disk 104. The returning light from the optical disk 104 enters 
the 1/4 Wavelength plate 108, With the result that the returning 
light becomes light (S polariZed light) linearly polariZed in 
the y axis direction. Then, the linearly polariZed light is 
re?ected by the PBS surface 10711. 
As such, the main beam and the sub beams obtained from 

the outgoing light emitted from the semiconductor laser 105 
are almost entirely led to the optical disk 104, and the retum 
ing light is almost entirely led to the light receiving element 
110, so that light utiliZation e?iciency is high. 

FIG. 15 is an explanatory diagram illustrating a hologram 
pattern of the hologram element 109 and a pattern of light 
receiving sections of the light receiving element 110. The 
hologram element 109 is divided into three regions 10911 
through 1090 by dividing lines 109x and 109y. The dividing 
line 109x extends in the x axis direction, Which corresponds to 
the tracking direction of the optical disk 104, Whereas the 
dividing line 109y extends in the y axis direction, Which 
corresponds to a direction along a track of the optical disk 
104. The light receiving element 110 is made up of (i) six light 
receiving sections 11011 through 110], Which detect the +1“ 
order diffraction light beams obtained by the hologram ele 
ment 109, and (ii) three light receiving sections, Which detect 
the —1“ order diffraction light beams obtained by the holo 
gram element 109. The +1“ order diffraction light beams are 
used to detect a focus error signal (FES) in accordance With 
the single knife edge method, and to detect a tracking error 
signal (TES) in accordance With the differential push-pull 
(DPP) method. The — 1“ order diffraction light beams are used 
to detect an information signal (RF signal) and detect the TES 
in accordance With the differential phase detection (DPD) 
method. 

Generally, When carrying out servo signal detection such as 
the FES detection and the TES detection using the DPP 
method, the frequency response of the light receiving element 
is su?iciently loWer than that for use in detecting the RF 
signal. On the other hand, for the detection of the RF signal 
and the TES detection using the differential phase detection 
method, a high-speed responsive light receiving element is 
required. 

Meanwhile, there are tWo demands in designing of the light 
receiving element 110: (1) a demand of reducing the areas of 
the light receiving sections used for the detection of the RF 
signal and (2) a demand of maintaining the large siZe of the 
areas of the light receiving sections used for the FES detec 
tion. The demand (1) arises for attainment of high-speed 
reproduction of the RF signal. The demand (2) arises for the 
sake of securing a suf?cient acquisition range for the FES, 
although the response in detecting the FES may be sloW. 
HoWever, it is dif?cult to satisfy these demands at the same 
time. In order to simultaneously attain the high-speed repro 
duction of the RF signal and the securing of the acquisition 
range for the FES, the conventional technique uses the :1“ 
order diffraction light beams for generation of the different 
signals. 



US 7,697,396 B2 
3 

In such an optical integrated unit as described in the con 
ventional technique, the diffraction grating 106 for generat 
ing the three beams is provided in the light source 105 side of 
the complex prism 107, and the hologram element 109 for 
generating the servo signals is provided in the light receiving 
element 110 side of the complex prism 107 as shoWn in FIG. 
14. Accordingly, a distance (optical path length) from the 
light source to the diffraction grating 106 is short and a 
distance (optical path length) from the light receiving element 
110 to the hologram element 109 is short, so that each of the 
light beams entering each of the diffraction elements (diffrac 
tion grating 106 and the hologram element 109) is caused to 
have a small beam diameter. This is a problem. 

Speci?cally, the folloWing problem arises When the beam 
diameter of the light beam entering the diffraction element is 
small. 

For example, consider such an optical system that the col 
limator lens 103 has an effective NA of approximately 0.1 and 
the distance from the light source 105 to the diffraction grat 
ing 106 (and the distance from the hologram element 109 to 
the light receiving element 110) are set at approximately 1 
mm to approximately 2 mm on the basis of optical path length 
in the air. In this case, the light beam incidenting on the 
diffraction element has a beam diameter 4) falling Within an 
range of approximately 0.2 mm to 0.4 mm. In cases Where the 
beam diameter of the light beam incidenting on the diffraction 
element is small, displacement of the diffraction element and 
the complex prism has a great in?uence on the servo signals. 
The displacement occurs due to (i) change over time and (ii) 
temperature change. 

Further, consider a case Where the distance from the holo 
gram element 109 to the light receiving element 110 is insuf 
?cient to be approximately 1 mm on the basis of the optical 
path length in the air, and Where each of the +1“ order dif 
fraction light beams and each of the — l S’ order diffraction light 
beams are separated from each other by approximately 0.8 
mm. In this case, the diffraction angle is approximately 18 
deg. A grating pitch for realiZing such a diffraction angle is 
approximately 1.4 pm in the case of a 405 nm Wavelength 
blue optical system. It is dif?cult to manufacture such a holo 
gram element 109. 

Further, in order to attain the high-speed reproduction of 
the RF signal, the +1“ order diffraction light beams and the 
—I“ order diffraction light beams are used for the different 
purposes in the conventional technique. The light receiving 
sections exclusive for the —I“ order diffraction light beams 
are used to detect the signal requiring the high-speed 
response. HoWever, the diffraction light beams are affected by 
Wavelength ?uctuation and common difference, so that each 
of the light receiving sections needs to be designed to be large. 
Such restriction in the areas of the light receiving sections 
limits the high-speed reproduction of the RF signal. 

In vieW of this, consider a case of arranging the optical 
integrated unit of the conventional technique such that both 
non-diffraction light beams (0 order diffraction light beams) 
and diffraction light beams (1“ order diffraction light beams) 
are detected for the sake of detecting the RF signal in accor 
dance With the non-diffraction light beams. In this case, the 
diffraction angle needs to be designed to be 35 deg such that 
each of the 0 order diffraction light beams and each of the I“ 
order diffraction light beams are separated from each other by 
approximately 0.8 mm. A grating pitch for realiZing such a 
diffraction angle is 0.7 um in the case of the 405 nm Wave 
length blue optical system. It is very di?icult to manufacture 
such a hologram element 109. 
The present invention is made in light of the foregoing 

problem, and its object is to provide (i) an optical integrated 
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4 
unit, in Which in?uences of change over time and temperature 
change are reduced as much as possible by increasing the siZe 
of a beam diameter of a light beam incidenting on a diffrac 
tion element, and by Which manufacturing of the diffraction 
element is made easy by lengthening an optical path length 
from the diffraction element to a light receiving element so as 
to reduce a diffraction angle (so as to increase a grating pitch), 
and in Which high-speed responsiveness (high-speed repro 
duction carried out by rotating an optical disk at high speed) 
is realiZed by detecting an RF signal With the use of non 
diffraction light beams obtained by the diffraction element; 
and (ii) an optical pickup device including the optical inte 
grated unit. 

DISCLOSURE OF INVENTION 

To achieve the object, an optical integrated unit of the 
present invention includes: a light source for emitting a light 
beam; light guiding means, having a function surface that 
alloWs passage of the light beam and that re?ects returning 
light, Which is the light beam re?ected by an optical informa 
tion recording medium, and guiding the returning light in a 
direction different from a direction toWard the light source; a 
light receiving element for receiving the returning light 
guided by the light guiding means; and diffraction means, 
Which diffracts the light beam and the returning light and is 
provided in a position Where the diffraction means crosses 
With an optical axis of the light beam and Where the light 
beam having passed through the function surface enters. Spe 
ci?cally, it is preferable that the function surface be a polar 
iZed light beam splitter surface. 

According to the above structure, the light beam having 
passed through the light guiding means enters the diffraction 
means, and the returning light having been diffracted by the 
diffraction means and having passed through the light guiding 
means enters the light receiving element. 

Speci?cally, the light beam emitted from the light source 
passes through the light guiding means, and then enters the 
diffraction means. Therefore, the light path length that the 
light beam travels from the light source to the diffraction 
means becomes long. 
The light path length becomes long as such, so that the 

beam diameter of the light beam entering the diffraction 
means becomes larger as compared With a case Where the 
light guiding means is not provided betWeen the light source 
and the diffraction means. 

This makes it possible to reduce an in?uence over detection 
of a servo signal even When change over time and temperature 
change causes displacement of the diffraction means and the 
light guiding means, With the result that good servo signal 
detection can be realiZed. 

In the meanWhile, the light receiving element receives the 
returning light having been diffracted and having passed 
through the light guiding means. In other Words, the returning 
light passes through the diffraction means, then enters the 
light guiding means, and ?nally enters the light receiving 
element. With this, the light path length that the returning 
light travels until it is received by the light receiving element 
becomes long. 
On this account, even When the diffraction means is set to 

have a small diffraction angle, the beams of the diffracted 
light (returning light) are separated Well on the light receiving 
element. 

Further, it is preferable to arrange the optical integrated 
unit according to the present invention such that: the diffrac 
tion means is a polariZed light diffraction element, Which 
diffracts polariZed light having a predetermined polarization 
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plane, and Which never diffracts polarized light having a 
polarization plane perpendicular to the predetermined polar 
ization plane but allows passage of the polarized light. Spe 
ci?cally, it is preferable to arrange the optical integrated unit 
according to the present invention such that: the diffraction 
means is a polarized light diffraction element including a ?rst 
hologram region and a second hologram region, each of 
Which diffracts polarized light having a predetermined polar 
ization plane, and each of Which never diffracts polarized 
light having a polarization plane perpendicular to the prede 
termined polarization plane but alloWs passage of the polar 
ized light, and the ?rst hologram region and the second holo 
gram region are so provided as to cross With the optical axis of 
the light beam, and are provided such that the polarization 
plane of the polarized light to be diffracted by the ?rst holo 
gram region is perpendicular to the polarization plane of the 
polarized light to be diffracted by the second hologram 
region. 

This makes it possible to diffract the light beam and the 
returning light. 

Each of the ?rst hologram region and the second hologram 
region is provided With a grating. The grating diffracts the 
polarized light, having the polarization plane, of the light 
(polarized light) having entered each of the hologram regions. 
Here, an angle at Which the light is diffracted is determined by 
the size of a pitch of the grating. 

The ?rst hologram region and the second hologram region 
are so provided as to cross With the optical axis of the light 
beam, and are provided such that the polarization plane of the 
polarized light to be diffracted by the ?rst hologram region is 
perpendicular to the polarization plane of the polarized light 
to be diffracted by the second hologram region. Therefore, the 
polarized light diffracted by the ?rst hologram region passes 
through the second hologram region Without being diffracted, 
Whereas the polarized light diffracted by the second hologram 
region passes through the ?rst hologram region Without being 
diffracted. 

In this Way, the diffraction means having such a structure 
diffracts the light beam and the returning light. 

Note that the Wording “diffracted light” in the present 
speci?cation encompasses both (i) diffraction light having a 
diffraction angle and (ii) non-diffraction light (0 order dif 
fraction light) having no diffraction angle, unless otherWise 
noted. 

Further, it is preferable to arrange the optical integrated 
unit according to the present invention such that: the ?rst 
hologram region divides the returning light into non-diffrac 
tion light and diffraction light. 
As described above, in the optical integrated unit according 

to the present invention, the optical light path that the dif 
fracted returning light travels until it is received by the light 
receiving element is long. Therefore, even When the returning 
light is diffracted into the non-diffraction light and the dif 
fraction light, the non-diffraction light and the diffraction 
light are su?iciently separated from each other on the light 
receiving element. 

In other Words, in the optical integrated unit according to 
the present invention, even in cases Where the diffraction light 
and the non-diffraction light are not su?iciently separated 
from each other in the vicinity of the ?rst hologram region, an 
interval betWeen the diffraction light and the non-diffraction 
light becomes Wider as they travel such a long optical path, 
With the result that the diffraction light and the non-diffrac 
tion light are separated Well from each other on the light 
receiving element. 
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6 
Further, it is preferable to arrange the optical integrated 

unit according to the present invention such that: the second 
hologram region divides the light beam into three beams. 

This makes it possible to detect a tracking error signal in 
accordance With the three-beam method, or the like. 

Further, it is preferable to arrange the optical integrated 
unit according to the present invention such that: the light 
receiving element has (i) a light receiving section for receiv 
ing the diffraction light, and (ii) a light receiving section for 
receiving the non-diffraction light. 
As described above, in the optical integrated unit according 

to the present invention, the optical light path that the dif 
fracted returning light (the diffraction light and the non-dif 
fraction light) travels until it is received by the light receiving 
element is long. Therefore, even When the non-diffraction 
light and the diffraction light are not suf?ciently separated 
from each other in the vicinity of the ?rst hologram region, the 
non-diffraction light and the diffraction light are suf?ciently 
separated from each other on the light receiving element. 
The light receiving element has the light receiving section 

for receiving the non-diffraction light, so that it is possible to 
use the non-diffraction light for detection of high-speed sig 
nals. 

Speci?cally, it is possible to use the non-diffraction light 
for detection of high-speed signals such as an RF signal, a 
TES signal to be detected in accordance With a DPD method, 
and the like. Meanwhile, the diffraction light can be used for 
detection of a servo signal. 

If the high-speed signals are detected With the use of the 
diffraction light, for example, the light receiving section for 
receiving the diffraction light needs to be large in consider 
ation of ?uctuation of the position of the light collected on the 
light receiving element 12, Which ?uctuation is caused due to 
in?uences of Wavelength ?uctuation and common difference. 
Such restriction in the area of the light receiving section is a 
factor of inhibiting high-speed reproduction of the RF signal. 
HoWever, the optical integrated unit according to the present 
invention is free from such restriction in the area of the light 
receiving section, so that it is possible to realize excellent 
high-speed reproduction of the RF signal. 

Further, because the optical path length is secured to be 
long, the diffraction light and the non-diffraction light are 
suf?ciently separated from each other even When the diffrac 
tion means has a small diffraction angle. Therefore, even 
When each of the ?rst hologram region and the second holo 
gram region has a large grating pitch, the diffraction light and 
the non-diffraction light can be separated su?iciently. 

In other Words, it is alloWed to form such ?rst and second 
hologram regions that respectively have large grating pitches. 
This makes it possible to manufacture the diffraction means 
(the ?rst hologram region and the second hologram region) 
With ease. 

Further, it is preferable to arrange the optical integrated 
unit according to the present invention such that: the light 
guiding means has a re?ecting surface for re?ecting the 
returning light re?ected by the function surface. 

This makes it possible to re?ect the diffracted returning 
light in a desired direction, With the result that the optical path 
length becomes further longer. 

It is preferable to arrange the optical integrated unit accord 
ing to the present invention such that: the light source is a 
semiconductor laser contained in a hermetically sealed pack 
age. 

With this, the light source is not exposed to outside air. This 
makes it di?icult for properties thereof to be deteriorated. 

Further, it is preferable to arrange the optical integrated 
unit according to the present invention such that: a position of 
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the light source is adjustable With respect to the light receiv 
ing element and the light guiding means. 

With this, the respective positions of the light source and 
the light receiving element are accurately determined. There 
fore, even in cases Where the semiconductor laser contained 
in the package is used for the light source, the returning light 
surely enters the light receiving element. This alloWs (i) mini 
mization of the area of the light receiving section for receiving 
the non-diffraction light and (ii) excellent detection of the 
high-speed signals. 

Further, it is preferable that the optical integrated unit 
further include a 1A Wavelength plate, provided on a side of 
the diffraction means, Which side is opposite to a side on 
Which the light guiding means is provided. 

With this, When the linearly polarized light, Which is the 
light beam emitted from the light source, passes through the 
1A Wavelength plate, the linearly polarized light is converted 
into circularly polarized light and is irradiated onto the optical 
information recording medium. This makes it dif?cult for the 
light to be in?uenced by double refraction of a substrate of the 
optical information recording medium upon generation of the 
RF signal or the like. Further, the returning light, the light 
re?ected by the optical information recording medium, is 
linearly polarized light Whose polarization plane is orthogo 
nal to that of the linearly polarized light coming from the light 
source, so that it is possible to increase utilization e?iciency 
of the returning light that is going to enter and be diffracted by 
the diffraction means and that are going to be re?ected by the 
function surface. 

Further, it is possible to restrain unnecessary interference 
betWeen the light beam and the returning light. 

It is preferable that the optical integrated unit according to 
the present invention further include: a 1/2 Wavelength plate, 
provided betWeen the light source and the function surface so 
as to cross With the optical axis of the light beam. 

This alloWs increase of freedom in layout of components 
such as the light source. 

For example, consider a case Where the function surface 
(polarized light beam splitter surface) is caused to have such 
a property as to alloW passage of a light beam Whose polar 
ization plane is that of the P polarized light. In this case, a 
layout of the light source is limited such that the light source 
emits the light beam Whose polarization plane is that of the P 
polarized light. In vieW of this, the 1/2 Wavelength plate is so 
provided betWeen the light source and the function surface as 
to cross With the optical axis of the light beam, With the result 
that a light source for emitting a light beam other than the P 
polarized light beam, i.e., an S polarized light beam is usable 
for the light source and light utilization e?iciency is never 
reduced. That is, freedom in the layout of the light source is 
increased, With the result that a direction of light intensity 
distribution of the light source can be changed. This increases 
freedom in a layout of a direction in Which an intensity dis 
tribution correcting element (not shoWn) is installed in the 
light path extending from the light source to the collimator 
lens, if the intensity distribution correcting element is pro 
vided. 

Further, an optical pickup device according to the present 
invention can be provided With the optical integrated unit 
arranged as described above. 

This alloWs realization of doWnsizing and Weight saving of 
the optical pickup device according to the present invention. 

Additional objects, features, and strengths of the present 
invention Will be made clear by the description beloW. Fur 
ther, the advantages of the present invention Will be evident 
from the folloWing explanation in reference to the draWings. 
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8 
BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1(a) is a diagram illustrating a structure of an optical 
integrated unit of Embodiment 1 according to the present 
invention. 

FIG. 1(b) is a top vieW illustrating the optical integrated 
unit shoWn in FIG. 1(a). 

FIG. 2 is a diagram schematically illustrating a structure of 
an optical pickup device using the optical integrated unit 
shoWn in FIG. 1(a) and FIG. 1(b). 

FIG. 3 is a diagram schematically illustrating a hologram 
pattern of a ?rst polarization hologram element used in each 
optical integrated unit of embodiments according to the 
present invention. 

FIG. 4 is a diagram illustrating a hologram pattern of a 
second hologram element used in each optical integrated unit 
of the embodiments according to the present invention. 

FIG. 5(a) is an explanatory diagram illustrating a pattern of 
light receiving sections of a light receiving element used in 
each optical integrated unit of Embodiments 1 through 5 
according to the present invention, and illustrates respective 
reception states of light beams on the pattern of the light 
receiving sections in cases Where no spherical aberration 
occurs. 

FIG. 5(b) is an explanatory diagram illustrating the pattern 
of the light receiving sections of the light receiving element 
used in each optical integrated unit of Embodiments 1 
through 5 according to the present invention, and illustrates 
respective reception states of the light beams thereon in cases 
Where an objective lens comes closer to an optical disk from 
a position at Which the objective lens is positioned in the case 
of FIG. 5(a). 

FIG. 6(a) is an explanatory diagram illustrating respective 
shapes of the light beams incidenting on the light receiving 
element in cases there is spherical aberration and the objec 
tive lens focuses on the optical disk. 

FIG. 6(b) is an explanatory diagram illustrating respective 
shapes of the light beams incidenting on the light receiving 
element in cases there is spherical aberration and the objec 
tive lens focuses on the optical disk. 

FIG. 7 is a diagram illustrating another structure of the 
optical integrated unit of Embodiment 1 according to the 
present invention. 

FIG. 8(a) is a diagram illustrating a structure of an optical 
integrated unit of Embodiment 2 according to the present 
invention. 

FIG. 8(b) is a top vieW illustrating the optical integrated 
unit shoWn in FIG. 8(a). 

FIG. 9(a) is a diagram illustrating a structure of an optical 
integrated unit of Embodiment 3 of the present invention. 

FIG. 9(b) is a top vieW illustrating the optical integrated 
unit shoWn in FIG. 9(a). 

FIG. 10 is a diagram illustrating a structure of an optical 
integrated unit of Embodiment 4 of the present invention. 

FIG. 11(a) is an explanatory diagram illustrating a pattern 
of light receiving sections of a light receiving element used in 
an optical integrated unit of Embodiment 5 according to the 
present invention, and illustrates respective reception states 
of light beams on the pattern of the light receiving sections in 
cases Where no spherical aberration occurs. 

FIG. 11(b) is an explanatory diagram illustrating the pat 
tern of the light receiving sections of the light receiving ele 
ment used in the optical integrated unit of Embodiment 5 
according to the present invention, and illustrates respective 
reception states of the light beams thereon in cases Where an 
























